, having a disordered ground state in which two spins on each tetrahedron point-in and two spins point-out, isomorphic to proton ordering in water-ice 6 .
The recent observation of the spin ice state in the metallic-ferromagnet pyrochlore Nd 2 Mo 2 O 7 (NMO) has opened-up an entirely new set of avenues for the future research in frustrated systems with itinerant degrees of freedom [7] [8] [9] . The spin-chirality in NMO is believed to perturb the charge dynamics so strongly that unconventional transport properties emerge in the spin-ice state. The gigantic anomalous Hall component which appears in the spin-ice state in NMO, for example, cannot be described using any of the conventional theories of anomalous Hall effect 7, 10 . While the spin-chirality mechanism for probing charge transport in the presence of complex spin-textures is an important development, the lack of similar systems that couple the itinerant and the magnetic degrees of freedom on a frustrated lattice hampered further research in this field. In this Letter we have attempted to fill this void by presenting a second example of a spin-ice state in the metallic pyrochlore Sm 2 Mo 2 O 7 (SMO).
SMO is a metallic-ferromagnet pyrochlore with a ferromagnetic temperature (T C ) of 80 K due to Mo spins ordering 11 . However, the ground state properties of the Sm spins in SMO remained unexplored due to the large neutron absorption cross-section of Sm, which precludes neutron scattering studies and the difficulties in growing large single-crystals. We note that the nature of magnetic anisotropy in SMO below T* (Fig. 2 ) bear a striking similarity to the dipolar spin-ices DTO 14 and HTO 15 , and the spin-ice ground state of Ising FM model on the pyrochlore lattice due to Harris et al. 16 . This suggests that the Sm spins in the pyrochlore SMO are Ising-like having a spin-ice like ground state. However, the temperature T* below which the spin-ice like correlations develop in SMO is much higher than the corresponding temperature in dipolar spin-ices (T* ~ 1 K). This is because an effective FM force between the Sm spins results from their AF coupling with the ordered Mo spins. Further, the "2-in, 2-out" configurations on each Sm tetrahedron in SMO are expected to be identical in the presence of uniform internal magnetic field of Mo sublattice, akin to ordered "2-in, 2-out" configuration realized in dipolar spin-ices under externally applied magnetic fields 17 .
The spin-ices under magnetic fields (i.e. in their ordered spin-ice state) show remarkable irreversibility in magnetization behavior. Hysteresis loops in DTO are found to be reversible above 0.65 K but highly irreversible at lower temperatures with coercivity of 2 kOe 18, 19 . The ordered spin-ice state in SMO exhibits a similar irreversibility (Fig. 3) with the coercive field rising sharply to a value of 2.5 kOe below T* = 15 K (inset, Fig. 3 ). NMO. We argue that the "2-in, 2out" ordering in these compounds is essentially a noncooperative phenomenon that occurs over a broad temperature range. This is reflected in the neutron scattering studies where the intensity of the magnetic Bragg peaks in NMO due to Nd 3+ moments ordering in a "2-in, 2-out" arrangement began to grow slowly near 40 K and continue to grow monotonically down to at least 8 K 7 .
The change in magnetic entropy in SMO in the [2, T] K range, ΔS mag (T) (Fig. 4) , obtained by integrating C mag /T, reaches 87 % of Rln2 at T*. Since, in the temperature range T < T* the C mag is mainly due to the Sm spins 20 , we recover nearly the full Rln2 entropy associated with the Kramers doublet ground state. In dipolar spin-ices, where the "2-in, 2-out" ground state is highly degenerate, the spin entropy in zero-field saturates to a value that is nearly 30 % short of Rln2, consistent with the "missing entropy" predicted for water-ice 5 . The absence of missing entropy in SMO, as also in dipolar spin-ices under applied fields 21 , is consistent with an ordered "2-in, 2-out" ground state for SMO. The increase in ΔS mag above Rln2 at higher temperatures is presumably due to additional contributions to C mag , including excited CEF levels of Sm and the
Mo spins below T C .
Under an applied field of 50 kOe along the [111] direction, the Schottky peak shifts to slightly lower temperatures. This small negative shift suggests that even at 50 kOe, the Zeeman splitting in SMO is determined mainly by the AF f-d exchange. In NMO the internal field changes sign from negative to positive when the external field exceeds 30 kOe 22 . This suggests that the AF f-d coupling in SMO is much stronger then in NMO which explains why the low-temperature peak in our specific heat studies and similar studies reported in ref [ 23 ] on polycrystalline sample up to 130 kOe shifts monotonically to lower temperatures. Finally, we note that the low temperature integrated entropy in SMO changes only very slightly between H = 0 and H =50 kOe (Fig. 4) , consistent with the proposal that the H = 0 ground state of SMO is an ordered spin-ice state.
We shall now briefly discuss the saturation magnetization in SMO along the three field directions. In SMO, the expected saturation moment in the high-field limit along the three field directions is given by 24 
